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During the above period the High Energy Group completed two 
experiments a t  the Carnegie Tech cyclotron. 
pion has been measured with ten times the best previous precision and a 
paper has been submitted to and accepted by Physics Letters for publica- . 
tion in the November 1, 1965, issue. A preprint of this paper is attached 
to this report, 

The lifetime of the positive 

The analysis of the negative muon capture rate data for heavy 
elements has beer1 completed and a paper summarizing the results of the 
experiment and analysis will  be submitted for publication within the next 
few weeks. 
can be obtained using the Fermi gas model for nuclei. 

This work indicates that a very satisfactory f i t  to the data 

Muon Capture and Helium (J, Kane, D. Buckle, B.Orrick, R, Wetmore) 

The work on liquid helium scintillation counters is proceeding 
with the immediate objectives of '(a) preparing the large (two liter) counter 
for muon capture --polarization experiments and (b) preparing the small 
counter with pure gas  system for experiments with pi and mu-mesic 
x-rays in helium and muon capture in helium 3. All of the equipment for 
the pure gas systctm has arrived and is in process of assembling. 

Mesic X-Rays (hl .  Eckhause, R. Welsh, R, Harris, and W. Shuler) 

Tests on commercially available li-drifted germanium detectors 
indicate that tliest: devices will be very suitable for measurements of 
mesic x-rays. 
kilovolts at 1 MeV and has a large volume (5.5 cc). 
ciency, stability, etc., are in  progress, and it is planned that x-ray 
experiments will begin next year. 

Tne detector on hand shows a resolution of less than 5 
Initial tests of effi- 

Instrumentation Development (M. Eckhause, R, Siegel, W. Sapp, F, Schneider) 

W o r k  is proceeding on the fast- time of flight system for meson 
beam analysis and on the spark chamber work, 
works with < 1 nsec resolution. 
square) work very well and a readout system is being developed. 

The time of flight system 
The modular spark chambers (1 foot 
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A New Measurement of  the Lifetime of t h e  Posi t ive Pion+ 

M. Eckhause, R. J. Harris, Jr., W. B. Shuler, 
R. T. Siegel, and R. E. Welsh 

College of W i l l i a m  and Mary, Williamsburg, Virginia,  U. S. A. 

* Supported i n  pa r t  by t h e  National Aeronautics and Space Administration. 

The lifetime of t h e  posi t ive pion has been measured by a d i g i t a l  

timing technique f o r  pions stopped i n  a plastic s c i n t i l l a t i o n  counter. 

Use of t h i s  method has  permitted improvement i n  precis ion by more than 

an order  of magnitude over previous measurements.l 

The counter arrangement i s  shown i n  Fig. 1. Pions from t h e  

Carnegie Tech cyclotron were brought t o  rest i n  counter *%" at  t h e  rate 

of 250/sec. 

separated from %*' by a t h i n  (0.0005") sheet of aluminized p l a s t i c .  

s izab le  f rac t ion  of  t h e  muons from pions decaying i n  counter Wt 

A second s c i n t i l l a t i o n  counter ( t*ptf ) was o p t i c a l l y  

A 

(thickness 0.032 in.) penetrated i n t o  counter *t$e. Thus t h e  pion s top  

s ignal  and t h e  muon decay signal occurred i n  d i f f e ren t  counters, permitt ing 

measurement of t h e  time interval  f o r  each decay event by means of a 

100 Mc/sec d i g i t a l  time analyzer.* 

Fast coincidence logic  (10 nsec resolution) provided a pion-stop 

s igna l  12nES which opened t h e  gate o f  t he  d i g i t a l  timer, and t h e  gate- 

closing s ignal  was then the  decay muon signature d. Counter 5 was 

placed as c lose  as possible t o  counter qfp*F, and served t o  suppress 



background due to  beam pa r t i c l e s ,  and posi t rons from t h e  decay o f  

stopping mwns. 

+-p-e decays i n  which t h e  stopping pion opened t h e  timing ga te  and t h e  

positron closed it. 

Counter 5 a l so  suppressed background a r i s ing  from 

7 

these,  about 2.5 x lo6 events with time in t e rva l s  between 40 and 

250 nsec after t h e  pion s top  signal were used i n  t h e  analysis.  

The decay spectrum of  n-p events with lifetimes less than 40 nsec 

displayed anomalies r e l a t ed  t o  t h e  f i n i t e  resolving time of  t h e  

c i r c u i t r y ,  and w a s  not included i n  t h e  analysis .  

A t o t a l  of approximately 10 w-p decays w e r e  recorded. Of 

The d i g i t a l  timer included protective c i r c u i t s  which prevented 

s torage of events i n  which two pions stopped within the maximum 

period of  analysis  (4 usec), as w e l l  as circuits t o  insure t h a t  

uncorrelated background presented a zero s lope at a l l  input rates. 

Possible non-uniformity of channel widths was investigated i n  tests 

wi th  uncorrelated start and stop s igna ls ,  confirming channel uni- 

formity t o  b e t t e r  than one par t  i n  1000. Analysis a l so  indicated 

zero s lope f o r  t h e  random signals.  

Fifteen separate nins comprised t h e  experiment reported here. 

The t o t a l  pion amplitude i n  the first 10 nsec-side channel analyzed 

was about lo6 counts. 

of which about 90% was a 2.2 wec lifetime component, t h e  remainder 

being "flat" background. 

positrons o f  t he  s-lr-e decay chain, and corresponded t o  events for 

which the  muons f a i l ed  t o  r eg i s t e r  i n  t h e  counter "po, but t h e  

posi t rons did. 

After f i f t y  channels t h e  amplitude osas 5 x lo3, 

The 2.2 vsec background was produced by 



Correction f o r  the  background was made according t o  the following 

considerations. A t  t he  instant  of the  pion s top  s ignal  ( t-0),  t he  

only source of background positrons is muons stopping with t h e  pion 

beam as beam contamination. After t = 0 ,  positrons fron the  A - p - e  

decay should increase with time for a few pion mean l ives .  In order 

t o  measure these effects, and thus ascer ta in  the  time dis t r ibu t ion  

for the  background, two t'groWth" zvns were taken. For these runs, 

counters "p" and 5 in coincidence closed the  timing gate,  while t h e  

same 1271;s opened t h e  gate. 

- 
The time spectrum then took the  form 

characteristic of a parent-to-radioactive daughter decay. 

"growth" runs were then used t o  predict  t he  shape of  t he  p-e back- 

These 

ground under the  x-u decay curves, after subtracting l i n e a r  back- 

ground from each. The resul t ing A-LI curves could then be f i t t e d  

by least squares analysis  t o  a function of the form A e  -t/r to 

obtain t, t h e  lifetime of the  pion. 

analyzed separately. 

Each of t h e  15 n-u runs was 

Good statistical agreement among runs was 

obtained, and the  chi-square value f o r  each run was as expected, 

when the  analysis of decay events s t a r t e d  a t  40 nsec or more after 

the  pion s top signal.  

following value for t he  mean l i fe t ime of t h e  posi t ive pion: 

The weighted mean of t he  15 runs yie lds  the  

T ~ +  t 26.01 2 0.02 nsec 

The uncertainty quoted is  one s t a t i s t i c a l  standard deviation. This 

r e su l t  d i f f e r s  by two standard deviations from t h a t  quoted in reference 

1, but i s  consistent with ea r l i e r  measurements quoted there in .  

In addition to ascertaining s t a t i s t i c a l  consistency among runs 

and goodness of  functional f i t  (acceptable X2) for each run, an important 

i 



test of t he  data was t o  confirm tha t  the mean l i fe t ime obtained was 

insens i t ive  t o  the  choice of  time in te rva ls  used i n  the  analysis. 

Fig. 2 is  a p lo t  of pion lifetime against  ear ly  channel cut-off 

varied from 30 nsec t o  140 nsec, with late channel cut-off a t  250 nsec 

i n  a l l  cases. The data  show no non-s ta t i s t ica l  f luctuat ion of life- 

t i m e  over t h i s  range. 

We wish t o  express appreciation for t h e  hosp i t a l i t y  shown by 

D r .  R. B. Sutton and t h e  staff o f  t he  Carnegie Tech Nuclear Research 

Center; to  express thanks t o  Mr. S. Hummel for construction of t h e  

counters, t o  Mr. D. Makowiecki for assis tance with the  electronics ,  

and t o  Dr. R. Carrigan for valuable suggestions. 
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PROGRESS 3mORT FO? NSG-567-C 
( A p r i l  t to September 308 1965) 

During the past quarter funas assigned to 
NS-567-Ce  "MiSCe1IaneOUS, " w e r e  expended in the 
following manner. 

Travel t o  conferences and research cansul- 
t a t i o n s  a t  other i n s t i t u t ions :  

3r, and Mrs. Bruce L. Velch, AXB3 Meeting 
(tvo papers ? r e s e n t e d )  8 Ur3ana, I l l i n o i s .  

2. ?ic%ard Terman, AIBS Meeting, Ur%ana, 
I l l i n o i s ,  

Ilr. PfeLvin P i t t m a n ,  Physics Conference, 
Denver, Colorado, 

m. Stanley "?iIliams, Psychology Confer- 
ence, Chicago, I l l i n o i s .  

Dr. Pincus Gross, Psychology Conference, 
Cllicago, I l l i n o i s .  

D r  . Peter Derks Psychology Conference, 
Chicago, I l l i n o i s .  

Dr. V i r g i l  McKenna, travel to Princeton, 
New Jersey, research consul ta t ion.  

TJO l ec tu re r s  were paid travel and expenses 
or an honorarium for l ec tures  delivered a t  the Col- 
lege : 

Dr, Charles Tqeiner of the American In- 
s t i t u t e  of Physics. 

Dr. E l i o t  Steller of the I n s t i t u t e  of 
Neurological Sciences . 



TO "E 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

PZWECT NsG-567-E 

"BICLOGICAL EFFECTS OF RADIATION" 

ROBERTA.  PEDIGO 
PRINCIPAL INVESTI~TOR 



N o t i f i c a t i o n  of the award of $7,000 for suppor t  of 

the  project Biological Effects of Zad ia t ion  was received 

on Janua ry  21,1965. S i n c e  tha t  time pr imary  effot t  has 

been devoted  t o  t h e  Durchase, i n s t a l l a t i o n ,  and  licensing 

of a cobqlt-60 l a b o r a t o r y  irradiator t o  be used  for t h i s  

project. The l i c e n s e  for the cobat-60 irradiator was're- 

c e i v e d  an June  25, 1965 and i n s t a l l a t i o n  of the s o u r c e  was 

completed on August 2, 1965. On Feburary 12, 1965 the  

p r i n c i p a l  i n v e s t i g a t o r  r ece ived  an A t o m i c  Energy Commission 

Grant of $11,OOO For the i n s t r u c t i o n  of r a d i a t i o n  biology 

a t  the College. A p o r t i o n  of these funds w e r e  d e s i g n a t e d  

to i n c l u d e  t b e  cost of a cobqlt-60 irradiator. It w a s  

therefore bossible to pay for  the irradiator p a r t i a l l y  

with. Atomic Energy C o m i s s i o n  Funds and p a r t i a l l y  w i t h  

NASA Funds. A Dor t ion  of t h e  $7,000 w a s  subsequent ly  di-  

verted t o  supoor t  a graduate  s t u d e n t  and part  t i m e  labor- 

atory a s s i s t a n c e  as w e l l  as a few funds  b e i n g  used  for 

research t r a v e l ,  

E m e r i m e n t a l  w o r k  has been conducted a long  s e v e r a l  

l i n e s .  First, t h e  p i n e  forest. i r r a d i a t i o n  experiment a t  

t h e  Savannah g i v e r  P l a n t  has  been cont inued,  It is an- 

t icipated t h a t  the f i n a l  measurements of grawth w i l l  be 

made s o m e t i m e  t h i s  w i n t e r  and a paoer w r i t t e n  concerning 

these effects s o m e t i m e  after completion of these measure- 

ments, The e m e r i m e n t  involv ing  the  combined effects of 

drought  and r a d i a t i o n  on Dine seedl ings  has been completed 

i 
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and t h e  data are b e i n g  analyzed for preDara t ion  of a paper. 

An a d d i t i o n a l  experiment on t h e  l e t h a l  dose for 1 year  old 

P i n e  s e e d l i n g s  h a s  been i n i t i a t e d  and is con t inu ing ,  

A s  i n d i c a t e d  i n  the proposal for cont inued  s u p p o r t  of 

t h i s  Droject e m h a s i s  i s  now being  directed m o r e  t o  the 

c e l l u l a r  l e v e l  of radiation effects, It h a s  been possible 

dur ing  the summer to w o r k  out  many of t h e  problems s u r r m n d -  

i n g  tissue culture technique,  b u t  a number of other problems 

have a r i s e n  due t o  inadequate  fac i l i t i es .  S o l u t i o n s  for 

these qroblems are c u r r e n t l y  be ing  sought. Good success 

has been encountered w i t h  the  growing of primary c u l t u r e s  

of mammalian t i s s u e ,  however, it has n o t  been possible t o  

establish a cell l i n e  for the organism used, The re fo re  the 

d e c i s i o n  has been reached to con t inue  r a d i a t i o n  w o r k  on 

t i s s u e s  of established cell l i n e s .  The f i rs t  l i n e  t h a t  has 

been acqu i red  is L-mouse t i s s u e  w h i c h  is c u r r e n t l y  be ing  

grown in the  laboratory, I t  is a n t i c i p a t e d  t h a t  f u t u r e  

work w i l l  i nvo lve  t h e  u s e  of established human cell l i n e s ,  

The l a b o r a t o r y  techniques  now used  involve  t h e  t r ea tmen t  

of the t i s s u e s  w i t h  c e r t a i n  s m a l l  molecules  af ter  i r r a d i a t i o n .  

I n  order t o  i n s u r e  t h e  fact t h a t  these molecules  emter cells 

d imethyl  s u l f o x i d e  has been added t o  the  c u l t u r e s ,  s i n c e  

t h i s  compound has  been shown t o  g r e a t l y  f a c i l i t a t e  the  

e n t r a n c e  of molecules i n t o  t h e  cells, I n  a n  experiment 

i nvo lv ing  p l a n t  t i s s u e s  t h e  addi t ion  of dimethyl  s u l f o x i d e  

t o  the media r e s u l t e d  i n  an increased growth:of  anproximately 
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300 per cent .  I t  is believed that  t h i s  occurred a s  a 

r e s u l t  of the increased permeability of the cells to 

media riolecules. 

Work w i l l  be continued along the l i n e s  discussed 

above as soon as it is noss ib le  to make improvements in 

laboratory f a c i l i t i e s .  


